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The first evidences 



"The first evidence for a 
viral-like agent with 
antibacterial properties was 
reported by M. E. Hankin 
in 1896. Found in the 
Ganges river in India, it 
was temperature sensitive, 
capable of passing through 
a porcelain filter, and could 
reduce titres of the 
bacterium Vibrio cholerae 
in laboratory culture. 
Hankin suggested that it 
might help to decrease the 
incidence of cholera in 
people using water from the 
Ganges." Sankar Adhya, 
Carl Merrill, The road to 
phage therapy. Nature, 
2006, 443:754-55. 




Troubled water^t? Bathers in the Ganges were thought to be prcitectedf rom chnlera by phage. 




1898 

Nnikolai Gamalea 
Russia 



Russ Arch Pathol 
Clin Med Bacteriol 6 
(1898), pp. 607-613. 



of Bacteriophages 






1915 



1917F 



Frederik Twort Feliqs D'Herelle 
UK France 



An investigation on 
the nature of 
ultramicroscopic 
viruses (1915), 
Lancet 11: 1241 



Sur un microbe invisible 
antagoniste des bacilles 
dysenteriques ( Comptes 
rendus de VAcademie des 
Sciences, Paris, 1917. 
165 :p.373-5 



1918? 
George Eliava 
Georgia 



Phage Reproduction on the Bacterial Cell 




Bacteriophage in action - to find the target and neutrahze 



History of Phage Therapy 



1919 - The first clinical trial - 
Hdpital des Enfants-Malades, 
felix D'Herelle, Paris, France, 

1921 - The first publication on 
phage therapy: Richard 
Bruynoghe and Joseph Maisin, 
Essais de therapeutique au 
moyen du bacteriophage, C, 
R, Soc, Biol, 85:1120-1121, 

1927 - The first mass application of 
phages, Campbell Hospital, 
Calcutta, India, Felix D'Herelle, 




''Your enemy's foe is your friend.'"^ Alexander the Great 



Past Experience in the World 




The oldest phage preparations from 
the Eliava collection dated by 1930's. 



D'Herelle's commercial laboratory 
at the Pasteur Institute (Today 
L'Oreal) (5 preps) 

German Bacteriophage Society 

(dried phages in tablet forms) 

German company Antipiol 

(Enterofagos) 

Eli Lilly Company (USA) (7 
phage-based products) 

Squibb and Sons (USA) (Today 
Bristol-Meyers Squibb & Swan- 
Myers of Abbot Laboratories) 

Parke, Dayis and Company (now 
part of Pfizer) 



G.Eliava Institute of Bacteriophage, 
Microbiology and Virology, Tbilisi, Georgia 




(1923-2010) 



Eliava IBMV was founded in 1923 in Tbilisi, 
Georgia by Professor George Eliava. 



George Eliava and a French-Canadian 
Professor Felix D'Herelle came across in 
1920's in the Pasteur Institute in Paris. 

The main idea of G. Eliava and F. D'Herelle 
was creation of the World Centre of Phage 
Research. 

Professor Eliava was executed in 1937, 




The First Mass Application of Phages - 

Field Trials 



Finnish Campaign 1938-1940 




Krestnikova, 1947 

Experience of phage prophylaxis based on the 
results of 3 mobile brigades. 

I brigade applied phages for 2,500 solders, 
among them gangrene symptoms were revealed 
in 35 (1,4%) cases. In the control group of 
7,918 solders gangrene was registered in 342 
(4.3%) cases. 

II brigade applied phage treatment for 941 
solders, only 14 (1,5%) got sick. In the contrdf 
group 6,8% were infected. 

ill brigade applied phage treatment for 2,584 
soders, gangrene was developed in 18 (0,7%) 
cases, while in the control group incidence of 
infection was 2,3% 




ISTC Project G-1467 
Preparation of a detailed review article/ monograph on the practical 
application of bacteriophages in medicine^ veterinary^ environmental 



research^ based on old documents and publications. 



Screening results : 



• > 5000 volumes of scientific journals, selected articles, books and 
thesis of dissertations have been screened. About 10% of the 
total contain information on phages. 

• The gathered information was included into: 

"A Literature Review of the Practical Application of Bacteriophage 
Research". 

Main conclusions: 



Success outcome of phage therapy is up to 95%. 
Rapid improvement and cure within 3-5-7 days. 
Positive cosmetic effect (no scars left). 
No relapsed cases. 
No side effects. 

Minimization of the mortality rate among children. 

Due to prophylactic "phaging^^ number of actually 
registered disease cases in comparison with expected 
rates (i.e EI) is reduces 3-6 times. 

Mild disease cases in a "phaged^^ group. 

Effect similar to vaccination. 

Reduced hospital days. 
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Publications dated by 
1930s-1950s. 




2009 



dying from the treatment of too many 




Comparison of bacteriophages vs. 

antibiotics 



Live bacterial viruses 
Viable 

Specific action 

Self reproducible 

No evidence 

Effective against drug- 
resistant bacteria 

N/A 

Non-hazardous industry 
Inexpensive 



Chemical substances 
Standard 
General action 
N/A 

Side effects ( e.g. allergy) 
Spread of drug-resistance 
Yeast, fungal infections 
Hazardous industry 
Expensive 




Bacteriophage production in the Former Soviet 

repubUcs 

In 1988 Scientific-Industrial Union "Bacteriophage" has been formed with the branches in: 
Georgia, Tbilisi 

SIU "Bacteriophage" => Eliava IBMV, Ministry of Education of Georgia 

After privatization in 1994-1995 10 small companies have been formed, 
two out of them with the phage profile: 

• ChemBioPharm Ltd. 

• BioPharm Ltd. 

• Eliava BioPreparations Ltd. (formed in 2008) 
Russia 

Perm (Filial of "Microgen Ltd." => "Biomed Ltd") 
Ufa (Filial of "Microgen Ltd" => "Immunopreparat Ltd.") 
Nizhni Novgorod (GPU production "BactPreparations, Russia) 
Khabarovsk (GPU production "BactPreparations", Russia) 
Saratov (Anti-plague Institute "Microbe" => Biofon Ltd.) 




Phage preparations 



Soviet 

Monovalent phage preparations: 

• Staphyloccocal 

• Streptococcal 
E.coli 

• Proteus 

• Pseudomonas aeruginosa 

• Klebsiella (active against K.pneumoniae, K.ozena, K, 
rhino scleroma) 

• Typhoid (active against Salmonella typhi A,B,C,D,E) 

• Dysenetrial 

• Salmonlla sp. 

Polyvalent (combined) phage preparations: 
Intesti-bacteriophage 

Sh.flexneri serotypes 1,2,3,4,5, 5; Sh. sonnei; 

Salmonella paratyphi A & B; S. enteritidis, S.typhimurium.S. cholera- 
suis, S.oranienburg, enteropatogenic 

E.coli, 

Proteus vulgaris, P. mirabilis. 
Staphylococcus aureus. 
Streptococcus sp. 
pathogenic Enterococcus. 
Pio-bacteriophage 
Staphylococcus, 
Streptococcus, 
Ps. aeruginosa, 
E.coli, 

Proteus (in some caaes Klebsiella pneumoniae) 
Coli-Proteus 

Diagnostic phages: 

• Saratov 

5 types of Cholera phages 



in use in the former 



repubUcs 





Commercial Companies Involved in Bacteriophage Research 



and Development 




Exponential Biotherapies (USA) 1994 
Phage Therapeutics Inc (USA) 1997 
■Intralytix (USA) 1997 
New Horizons Diagnostic Corporation (USA) 
Phage International, Inc (USA) 
OmniLytics, Inc (USA) 
Microphage Inc (USA) 

Phage Pharmaceuticals, Inc i.e. Phage Biotechnology 
Corporation .(USA) 

Phage Genomics 
Eh Lilly (USA) 
I Phage Solutions (USA) 
Novophage (USA) 2011 

Biophage Inc. (Canada) 
Targanta Therapeutics Inc. (Canada) 
GangaGen Life Sciences Inc. (Canada) 
Phagetech (Canada) 

Hexal Genentech (Germany) 

EBI Food Safety (Netherlands) 

GangaGen Biotechnologies Ltd (India) 2001 

Novolytics Ltd. (UK) 

Biocontrol Limited and Biocontrol International Inc. (UK) 
Sarum Biosciences (UK) 
Fixed Phage Limited (UK) 2010 

PHAGE BIOTECH LTD. (Israel) 

Micropeace (Australia) 

Special Phage Holdings (Services) Pty Ltd. (Australia) 
InnoPhage, Ltd (Portugal) 



Closed the phage program in 2005 
Closed the phage program in 2003 
ListShieldTM , EcoShieldTM 

Treatment of chronic patients with phages in Georgia, Tijuana, Mexico 
AgriPhage for treatment of tomatoes, pepper 
Diagnostic kits for detection MRSA & MSSA 



Finalyse for treatment of animals 
Information not found 



Healthcare, Pharmaceuticals, & Biotech 

Research on the veterinary and environmental applications 
Listex PlOO for control of Listeria 



Staph-TAME (i.e. P128) for control of MRSA 



Healthcare solutions from naturally occurring phages 



Phage-based therapeutics against drug-resistant bacteria 

Treatment and prevention of infection & bacterial contamination in medicine, 

food safety, and environmental sanitation 



• Phages solutions for Environment, Cosmetic and Medical bacteria infections 
(ino) 



Why phage therapy is not recognized 

in the West? 




o 



"Unfortunately y these clinical applications were initiated before certain microbiological aspects of phage 
strains^ such as their narrow host range^ were fully appreciated/^ Sankar Adhya, Carl Merrill, The road 
to phage therapy^ Nature, 2006, 443:754-55. 

'7n the U.S.^ the regulatory system is designed to handle one-size-ftts-all drugs ^ not quickly changing 
individual meds. The FDA would require every phage to go through a multi-year testing process - by 
which time the bug may have evolved again/^ Andrew Cantor, Cyber Speak, 2006, ^^US needs open eye 
on phage therapy 

''In the United States^ the FDA would want the phages in each new concoction to be gene sequenced^ 
because regulations require every component of a drug to be identified/^ 

http://gojomo.blogspot.com/2006/06/team'human'and'Still'more'On.html 

''Phage therapy is not a new concept^ and it is important to ask why it is not part of the current repertoire 
of western medicine despite the fact that it has been continuously and extensively used in Eastern 
Europe for almost a century. Answering this question successfully willy largely y determine whether 
phage therapy can gain the credibility needed to overcome the scientifiCy financial and regulatory 
hurdles facing its adoption in mainstream clinical practice. Despite a paucity of such information from 
human studieSy pharmacokinetic data and clinical outcomes from animal studies are currently providing 
convincing evidence for the safety and efficacy of phage therapy. John N. Housby, Nicholas H. Mann, 
Phage therapy^ Drug discovery today, 2009, 14(ll-12):536-540 



FDA approved products 

(GRAS status i.e. Generally Recognized as Safe) 



• 2006 August - ListShieldTM ready-to-eat 
meat and poultry products, Intralytix, USA 

• 2006 October - Listex PlOO, EBI Food Safety, 
Netherlands 

• 2011- EcoShield against E.co// 0757 



2006 - AgriPhage, Omnilytics, EPA registration 



Eli Lilly, Indiana, USA 
£lanco,Animal Health Division (2010) 




nnalyse 



Ibpical Mological con ml of 
E. ca// 01 57 found on the hide 
of cattle at harvest faciliHes. 



Active ngredieiits: Co ntai ns a m ixtu re of 0.0046% 
bacteriophage active 
against £ co^i 

other iiip^ieif ts: 99 .9954% 






Pre-harvest hide wash used to aid 
in the reduction of £co// 01 57:H7 in cattle 



Ongoing clinical trials in Europe 



UK 

Biocontrol Ltd. 
OBJECTIVES: 

To evaluate the efficacy and safety of a therapeutic bacteriophage preparation (Biophage-PA) targeting 
antibiotic-resistant Pseudomonas aeruginosa in chronic otitis. 

DESIGN: 

Randomised, double-bhnd, placebo-controlled Phase I/II clinical trial approved by UK Medicines and 
Healthcare products Regulatory Agency (MHRA) and the Central Office for Research Ethics Committees 
(COREC) ethical review process. 

Poland 

Institute of Immunology and Experimental Therapy of the Polish Academy of Sciences 

Experimental Phage Therapy of Bacterial Infections, NCT00945087, started in 2009. 

Bacteriophage ly sates containing phages lytic for Staphylococcus, Enterococcus, Escherichia, Citrobacter, 
Enterobacter, Klebsiella, Shigella, Salmonella, Serratia, Proteus, Pseudomonas, Stenotrophomonas, 
Acinetobacter, or Burkholderia strains are used. 

Switzerland 

Nestle Nutrition Corporate, 2009-2012 

Randomized, Double Blind Placebo-controlled Studies to Evaluate the Effect of an Orally-fed Escherichia 
Coli (E. Coli) Phage in the Management of ETEC and EPEC Induced Diarrhea in Children 
NCT00937274, commercial T4 phage mixture is used. The study is performed in Bangladesh. 



The Elaiva Institute Today 




Current areas of phage research 



Soft rot/ Black Leg 

- Erwinia carotovora 
Brown rot /Bacterial 
wilt 

Ralstonia 
solanacearum 
Diseases of rice and 
cotton 

- Xanthomonas spp. 





Agriculture 




Veterinary, 




Medicine 



Fundamental 
research 



Environmental 
studies 






=n 













Staphylococcus phage for 
intravenous use 




Screening Results of MRS A strains - The UK Study, 2007 
Participants: The Eliava Institute, Georgia (N. Chanishvili, M. TediashviH) 
Cardiff University, UK (Prof. Stephen Denyer), 
University of Brighton, UK (Prof. Geoff Hanlon) 



467 MRSA strains 
obtained from the 
UK hospitals were 
screened against 6 
S.aureus phages 
from the Eliava 
IBMV collection: 
ISP, A2, B5, E7, TK5 
andTKU. 

High activity (99.5%) 
against standard 
MRSA strains and 
clinical isolates has 
been demonstrated 



Screening of 467 MRSA strains for susceptibility to different 
specific Bacteriophage preparations 
Parallel I 
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Bacteriophage preparations ( Titre x10 ^pfu/ml) 
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Screening of S.aureus 467 MRSA strains for 
susceptibility to different specific bacteriophage 
preparations 
(Parallel III) 
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TK14 Tk5 ISP E7 B5 A2 

Phage preparations (titer x 10^pfu/ml) 
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Screening of 467 MRSA strains for susceptibility to different specific 
Bacteriophage preparations 
Parallel II 
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Sa-TK14 Sa-TK5 ISP Sa-E7 Sa-B5 Sa-A2 
Bacteriophage preparations ( Titre x10^pfu/ml) 
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Screening of S.aureus 467 MRSA strains for 
susceptibility to different specific bacteriophage 
preparations 
(Parallel IV) 
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TK14 Tk5 ISP E7 B5 A2 

Phage preparations (titer x 10^pfu/ml) 
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Project funded by Mr. Robert Patton, Ireland 
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I 



Application of phage therapy against lung infections: 

In vitro infectious model 
(INTAS -6610) 

Infectious model 



Cell line: 
Bacteria: 

(573) 
phage: 



A549 

Pseudomonas 
pT6 




Media 

Air-Liquid-Interface culture System (ALI) 




Simulation: 

• phage 1 h prior to bacterial 
infection 

• phage + bacteria 
simutaneous infection 

• phage 1 h after bacterial 
infection 

Results: 
IL-6 
IL-8 
CFU 



Phage does not cause inflammation! ! ! 



ALI - microscopic image 

Phagenversuch A549_Pseudomonas (573)_Phage pT6 
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Project: ISTC- G 1369 Chronic prostatitis and phage therapy prospectes 
Collaborators: Bradley Hennenfent, University of Illinois, USA 
Randall Wolcott, Wound Care Center, TX, USA 




■» Serotype 
- Host range 
activity 



GMP Production and Clinical Trials in Belgium 
(Georgian-Belgian collaboration) 



Isolation of P. d^ruginoSA and S. 
aureus lytic barteriopliaqes 



Production of stocks of P, aeruginosa 
and S. aureus lytic bacteriophages 
(stored at 4 °C) 



Testing of P. aeruginosa and S. 
aureus lytic bacterioptiages against 
v^eti- documented l:tacter(3i strains 



Selection of 8 
bacteriophages: 

PT6, PT8, PNM, 
14/ i, 9/3, F77, PL, 
arid ISP 



Testing of 8 bacteriophages against 
40 actual Isolates of the Burn Centre 



Selection of 3 
bacteriophages: 

PNM, 14/1, and ISP 



New stocks of PNM, 14/1 and ISP 
flO'= Dfu/ml) (stored at 4 



Production of 300 ml BFC I : 
10* pfu/mt PNM, 14/1 and ISP in 
phvsio logical water 



Removal of endotoxtnes (Endotrap) 



Aliquots: 3 ml in 4 ml vials 
(stored at 4 ^c) 



<ENDPRODUCT ^ 
BFC 1 



Application of QfCl using a syringe 
spray 



LBR, Ghent University 
Hospital, Belgium 



EIBMV, Tbilisi, Georgia 
SIGSIM, Moscow, Russia 



LabMCT, Military Hospital, 
Brvjssels, Belgium 



External laboratories 



fRFLP genotyping 



Stability in 
colistine milk, 
Aquacel* AG and 
Isobetadine gel 
(not discussed in 
this paper) 



FINAL QUALITY CONTROL 



• pH (SGS) 

• Pyrogentcity (SGS) 
- Sterility (LCA) 
•Transmission electron 

microscopy (VAR) 

• DWA and proteomic 
analysis (LoGT) 



• Exclusion of lysogenic 
bacteriophages 

• Stability at 4 



• Cytotoxicity test 

■ Compilation of a batch 
record file 

• Certification of the 
batch record file by an 
industrial pharmacist 



File 

Product information 

Study protocol 
"No fault" insurance 
Informed consent 



Submitted Dec 06 
False perception 
Biosafety council 
Insurance xlO 

Approval 20 Jun 07 
Belgian leading 
ethical committee 
(University Hospital 
Brussels) 



I 



BFC 1 Production 

Process 
Selection of phages 
P.a.: 82 phages/115 strains 
S.a.: 8 phages/99 strains 

Quality Control 
pH 
Sterility 
Pyrogenicity 
Cytotoxicity 
EM 
Sequence 
Exclusion of lysogeny 



ADVIE5 VAN DE CDMMISSIE MEDISCHE E7HIEK 



Eviiluuiii: vian ECF I, een Luiktail van drie lylischE bacteriaraiien, voor de hchandcCing 
van br&ndivand^ giinfEctEertJ *et bijuonder rsiistentc (tanimen wjor de bacterisn 
PscudilmUiia^ ■ii:iugiiiiD^ii t:ri/ul Skipy fiKficc us durcu^ 

Hii kiiiini^ acTiiim ri 1 1- >u'l:h( n 'iiirt tie ilrriinpnH; n, hpl rf- Ffp npH p ?ipt h.iv(?nwerrr.e(c) 

asLneepaiie versLes van de p^tieiTteninfotrii^Li^ uii l'jid!.lidi' y I'l r><b^ddrl:iriilv 

onwarger 03 lijuni ECOTer h»t Krir>s jr^vangen ^4 j=j(ii £3C7, conform de 
henurl(lng«!:i! In hPT VMrl(»|tlg advie^ van 7 juri 2007, ImeIui: ce vooniHef van 
rnnwTii-isii? MpdKcie Ftfitcif wanctaari 

DAT HFTWflifinyirMr rKFTRiiumTUAG nninrRWOWH wofifMiH. 



D IT AD VIES iAL WORDEH KKIIACH7 ICD T( ID£NS DE EEftSTKO^ffiHCE VERii^DERlKC 



Dezo gcQdkeurir.g sHJfr field i q voiw de duur vin -le! proiect. lit ComriKssie ■A'* rut een 
jiMirluks Ci<rCidcjiLvoi-i iJi: :.lkiriJ van i^^iLvati hr: pr<:ji:[:r w imtv?.igf .n. Hp -iriidleresukii^t 
dknefi dvenqeinasik: te wo'dei »3r\ et Lammisne bij i«t b^cme 9«n van de s^udis:. 
litrinnKrun de Mfjr3nr\vnfirdplijtip vnu iipt pKjJtr'nncr.t crgnn Oatdlr Citperlrteill Crtds r zijn 

p*rsooni(.-Lt v*:-anhvDOrtieliji(iiwd Hi worden Jitgevcerd. Hec fruritie .idtici *Lin ul 
rnmmJsjili? lM?ri;t(;nr g WFizIni dai !fe Commlssre de ^*rarttyiii5a-d4 i^ktisid van hrt 
experiment op zlcti ne«Fi[, OeCanitrisiLii Medtiii:! « Elhiet wt^rki vr ijiiargarkppriJ 
tfolaens de flctiTliJreni van GCP. 



Met de meeatt liocgiaihting. 



p. De^-oty, vcai'zi'.l 



Results of the Clinical Trial 




Eight out of ten applications (80%) 
biopsies and swabs taken before and 
after BFC 1 or standard treatment 
were negative! 

In 2 cases no significant differences 
in bacterial load were observed 
before and after standard or BFC 1 
treatment. 

No clinical or laboratory test 
abnormalities have been observed! 



Future developments: 

To simplify patients access to phage treatment 



To design the new protocol aiming to prove effectiveness of phage 
treatment in comparison to standard treatment with antibiotics 





D.De Vos 
J.-P. Pirnay 
M. Merabishvili 
M. Vanehoutte 
T.Rose 
R. Lavigne 
G. Verbeken 



wmtOT PRIZE 2009 



The phage paradigm: Pret-a-porter or Sur masure? 
J.P.Pirney et al., Pharm. Res., 2011, 28:934-937 



(Patented} phage cocktait 
based on previously 
relevant strains 



'Bank* with 
quality conlroficd 
small sc-ofc produced 
phage stocks 



GMP produced 
m&dicirtal product 
for broad application 



'Pret a Porter' 
Medicinal product 
development by a 
pharmaceutical company 
Time: several months to years 
Cost: high 



Pre-cllnicsl 
{animal) tests 



Phaser !, II, ill 
cHnic<ii human tests 



Review and 
Approval 



Mo'ktJting 



Eventually, 8 rapid updating and licensing procedure 
may bo adopted (e.g. Intfuenza vaccines) 



TM 



Laboratory 

Selection of phages 
active against 
the problematic bacteria 



Carrier (e.g. a cfeam 
or a bandage) 

adapted to the Application vtith 
indication surveillance 
protocol 



Phase IV 
safety 



'Sur-mesure' 

in - , ,,s or 

:ic: Uuys to vvcks 
Cost: low 



Antibiotic resistant bacteria 



Environment 

(e.g. sewage water) 



> Hmmm. I 



O 
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While others 



Eliava spin-off companies: 

•Eliava Diagnostics 

•Eliava MediaProduction 

•Eliava BioPreparations 

•Eliava Phage Therapy Center, 
Tbilisi, Georgia 

•Eliava Phage Therapy Center, 
New York, USA 




are still thinking 




There is nothing impossible to him who will try. 

Remember upon the conduct of each depends the fate 
of all/' 

Alexander the Great 



